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(57) Abstract: The present invention 
provides a method and apparatus for 
plating a conductive material to a 
substrate and also modifying the physical 
properties of a conductive film (18b, 
18c) while the substrate is being plated. 
The present invention further provides 
a method and apparatus that plates a 
conductive material on a workpiece 
surface in a "proximity" plating manner 
while a pad type material or other 
fixed feature is making contact with the 
workpiece surface in a "cold worked" 
manner. In this manner, energy stored 
in the cold worked regions (19b, 19c) of 
the plated layer is used to accelerate and 
enhance micro-structural recovery and 
growth. Thus, large grain size is obtained 
in the plated material at a lower annealing 
temperature and a shorter annealing time. 
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METHOD AND APPARATUS FOR DEPOSITING AND 
CONTROLLING THE TEXTURE OF A THIN FILM 

Field Of The Invention 

The present invention relates to a method and apparatus for plating a conductive material on a 
substrate. More particularly, the present invention is directed to a method and apparatus for 
depositing and altering the texture and electrical properties of the conductive material deposited on a 
semiconductor device, packaging substrate, or magnetic device/display. 

Background of the Invention 

A particular process step in the manufacturing of integrated circuits, devices, and packages 

involves plating a semiconductor wafer or workpiece (e.g., flat panel, magnetic recording heads, 

packages, etc.) surface with a conductive material. Plating the wafer or workpiece surface with the 

conductive material has important and broad application in the semiconductor industry. 

Fig. 1 illustrates a cross sectional view of a substrate with topographical features having various 
layers disposed thereon. For example, this figure illustrates a substrate 2 with or without devices (i.e., 
transistors, etc.) having deposited thereon a barrier or adhesive layer 4 and a seed layer 6. The top 
surface of the substrate 2 may be patterned with vias, trenches, holes, and other features, or it may be 
flat. The barrier layer 4 may be tantalum (Ta), nitrides of tantalum (Ta), titanium (Ti), tungsten, TiW, 
CuWP, CoWP or combinations of any other material that is commonly used in this field. The barrier 
layer 4 is generally deposited on the substrate 2 by any of the various sputtering methods, by chemical 
vapor deposition (CVD), or by electrolyte/electroless plating methods. Thereafter, the seed layer 6 is 
deposited over the barrier layer 4. 

The barrier layer 4 and the seed layer 6 may also be formed on the substrate 2 by using an 
electro-deposition method. This method offers distinct and unique advantages of lower costs and 
beneficial material properties (i.e., low stress in the substrate 2) as opposed to using other deposition 
methods. 

The seed layer 6 material may be copper or copper substitutes. The seed layer 6 may be 
deposited on the barrier layer 4 using various sputtering methods, CVD, or electroless deposition or 
combinations thereof. The seed layer 6 thickness, depending on the substrate 2 topography, may vary 
from 20 to 1500A 0 , and may be discontinuous on the corners of the deep recesses of the substrate 2. 
After depositing the seed layer 6, a conductive layer 8 (e.g., copper layer) is generally electroplated 
over the seed layer 6 from a suitable acid or non-acidic plating bath or bath formulation. 

In general, the texture of a large portion of the conductive layer 8 is dependent upon the texture 
of an underneath layer, for example, the seed layer 6. Texture as defined in this application includes, 
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material on a workpiece surface while a pad type material or other fixed feature is intermittently 
making contact with the workpiece surface. 

It is yet another object of the invention to provide a method and apparatus that plates a 
conductive material on a workpiece surface while a pad type material or other fixed feature is 
5 intermittently making contact with the workpiece surface in a "cold worked" manner. 

It is a further object of the invention to provide a method and apparatus that plates a conductive 
material on a workpiece surface in a manner such that a pad type material or other fixed feature 
makes contact with the deposited material with sufficient force to "cold work" the deposited material. 

It is yet a further object of the invention to provide a method and apparatus that electro-deposits 
10 a conductive material on a workpiece surface to form a symmetrical/nonsymmetrical composite 
plated layers consisting of "non cold worked layers/regions" and "cold worked layers/regions." 

In one preferred embodiment, the method according to the present invention includes the step of 
plating a conductive layer on the substrate using an anode/pad that rotates in a manner such that the 
plating solution is continuously applied onto the substrate without the anode/pad making contact with 
15 the substrate. Electrical power may be applied to the anode and the substrate during this plating 
process. After the conductive layer is formed on the substrate using the above stated method, the 
anode and the substrate may be momentarily de-energized, and the pad, which may or may not be 
rotating, is used to polish/rub against a top portion the conductive layer. Thus, the top portion of the 
conductive layer is polished during the "cold working" process (e.g., when the anode and substrate 
20 are de-energized). This process can be repeated at least several times depending upon the type of the 
integrated circuit or device to be manufactured. In this manner, the texture of the conductive layer is 
altered such that a highly desirable conductive layer is formed. 

In one embodiment of the invention, the apparatus that performs such plating includes a circular 
platen having a pad type material attached thereto. The platen further includes a circular anode plate, 
25 where both the platen and the anode plate can rotate about a first axis while the workpiece may also 
rotate, move side to side, move in an orbital manner, or remain stationary. Upon application of power 
to the anode plate and the cathode workpiece, the plating solution can be flowed to or through the pad 
to plate the workpiece surface. 

In another embodiment, an apparatus that performs such plating includes a pad type material 
30 mounted on the cylindrical anode that rotates about a first axis. The metal from the plating solution 
can be deposited on the workpiece when a potential difference is applied between the workpiece and 
the anode. 

In both embodiments, the pad may make intermittent contact with the workpiece surface after 
the conductive layer is formed on the substrate. The pad may smear, shear, polish/rub a top portion of 
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Fig. 10 illustrates a side view of an apparatus in accordance with the sixth preferred embodiment 
of the invention; and 

Figs. 11A-11D illustrate cylindrical anode-pad arrangements in accordance with the preferred 
embodiment of the invention. 

5 Detailed Description of the Preferred Embodiments 

The preferred embodiments of the invention will now be described with reference to Figs. 2-11. 
The inventors of the present invention have found that by plating and intermittently rubbing/polishing 
or "cold working" the plated material and/or plating over the cold worked plated material, the texture 
of the plated material can be modified to disassociate it from the texture of the underneath layer. For 

10 example, intermittently rubbing or cold working the plated material changes the ciystal orientation of 
the plated material from, for example <1 1 1> to a more random orientation. 

Alternatively, the invention can be used in the deposition of magnetic or magnetoresistive type 
films such as those used for magnetic or magnetoresistive sensor and applications. During magnetic 
film deposition, in a strong magnetic field, the workpiece is stationary, and only the anode rotates. In 

15 situ cold working of the magnetic film such as permalloy during deposition may enhance the 
preferred orientation in the deposited film, thus greatly enhancing the desirable magnetic properties. 

The invention can be used with any semiconductor workpieces such as a flat panel, magnetic 
film head, or packaging substrate including lead-tin solder alloys, or lead free solderable alloys. 
Further, specific processing parameters such as time, temperature, pressure and the like are provided 

20 herein, which specific parameters are intended to be explanatory rather than limiting. 

The invention further describes a method and apparatus for intermittently applying the conduc- 
tive material to the semiconductor substrate and also intermittently polishing the substrate when a pad 
type material or other fixed feature is making contact with the workpiece surface. When intermit- 
tently applying the conductive material, the invention applies electrical current having a potential 

25 difference between the workpiece and an anode so that the conductive material can be deposited to 
the workpiece when such current is applied. 

Fig. 2 illustrates an enlarged cross sectional view of a cathode workpiece and an anode having a 
pad or similar non conductive surface in accordance with the invention. The pad or non conductive 
surface allows an electric field to pass through, but prevents shorting between the anode and the 

30 cathode, as described in more detail later herein. A barrier layer 14 and a seed layer 16 are formed on 
a workpiece 12 using any known method. A first conductive layer 18 of, for example, copper is 
plated over the seed layer 16. Copper may be deposited on the seed layer 16 using a highly leveling 
or non-leveling bath at a current density that ranges from 3 to 70 MA/cn^but preferably the current 
density should be between 5 to 30 MA/cm 2 . 
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desirable conductive layer on a workpiece in accordance with the preferred embodiment of the inven- 
tion. As illustrated in Fig. 3 A, a barrier layer 14 and a seed layer 16 are disposed on a workpiece 12 
using any method described above. As shown, the seed layer 16 is composed of individual grains 40, 
which are oriented in a predetermined order, such as a <111> crystal orientation. For a copper or 
5 gold seed layer, the grains 40 will generally be small, ranging between 20 to 200 A 0 or higher 
depending on processing conditions. 

A first conductive layer 18b is plated on the seed layer 16 using a proximity plating method, or 
other plating methods. The first conductive layer 18b will include grains 50, which will retain most 
of the crystal orientation of the seed layer 16. Accordingly, if the grains 40 in the seed layer 16 have 
10 a <1 1 1> crystal orientation, so will most of the grains 50 in the first conductive layer 18b. The size of 
the grains 40, 50 will also be very similar. 

In Fig. 3B, after plating a first level of the conductive layer 18b on the seed layer 16, an abrasive 
surface, such as a pad 22, polishes/rubs/buffs the first conductive layer 18b and creates dangling 
bonds and may change the crystal orientation of the deposited material. As stated above, the pad 
15 polishes/rubs the first conductive layer 18b in a cold worked manner. It has been determined that the 
polishing action causes the grains in the top portion of the first conductive layer 18b (cold worked 
layer) to have a different texture than the underneath layer of the first conductive layer 18b. 

As described above, electro-deposition may continue during this in situ cold working process. 
Fig. 3C illustrates a cold worked layer 19b (top portion of the first conductive layer 18b). The texture 
20 of the material in the cold worked layer 19b will be significantly different from the texture of the rest 
of the first conductive layer 18b. This is illustrated in Fig. 3C as larger grains 50 are transformed into 
smaller grains 60 in the cold worked layer 18b. For a copper conductive layer, the smaller grains 60 
range between 20 to 80 A°. 

Next, in Fig. 3D, a second level conductive layer 18c is proximately plated over the first cold 
25 worked layer 19b using the pad 22. The texture of the second conductive layer 18c will be different 
from that of the first conductive layer 18b, even though both layers are deposited by the proximity 
plating method. Thus, the cold worked layer 19b is used to disassociate the texture of grains 80 of the 
second conductive layer 18c from that of the first conductive layer 18b. 

As the proximity plating and the cold worked polishing steps are repeated, this leads to a second 
30 level conductive layer 18c and second level cold worked layer 19c having a greater degree of 
randomness than the first level layers as shown in Fig. 3E. 

Fig. 4A illustrates an enlarged view of a wiring structure having a cold worked layer and Fig. 4B 
illustrates an enlarged view of the same wiring structure of Fig. 4A after annealing and polishing the 
cold worked and conductive layers from the top surface of the substrate. In Fig. 4A, a trench 91 is 
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rotatable platen 102 and/or pad 22a may be circular, pear-shaped, or form in any other shape so long 
as they can effectively and efficiently plate and cold work the workpiece. The head assembly 150 
and/or the platen 102 are adapted to move up and down when a suitable force is exerted. The force is 
generated, for example, by mechanical, electromechanical and/or pneumatic means as known in the 

5 art. A plating solution is preferably flowed through the platen 102 and the pad 22a via channel 1 10. 
As the shaft 104 rotates in the direction 140, the plating solution is splashed or applied via pad 22a 
onto the workpiece 120 while the cathode/anode electrodes are energized. As describe above, a 
conductive layer is thus formed on the workpiece 120. Preferably, the distance between the work- 
piece 120 and the pad 22a is less than 1 micron up to 2 millimeters. 

10 In order for the plating solution to form a conductive layer on the workpiece 120, an electrical 

potential is applied to the workpiece 120 via contacts 122. Meanwhile, a circular anode plate or 
similar plate type object 1 18 in the platen 102 is used such that an electric potential is applied thereto. 
When there is a potential difference between the cathode workpiece 120 and the platen 102, the 
plating solution that is flowed via pad 22a forms a closed circuit. Thus, this allows for a more 

15 uniform, high quality layer to be formed on the surface of the workpiece 120. 

After forming such a conductive layer, either the head assembly 150 is lowered and/or the 
plating apparatus 112 is raised such that the pad type object 22a makes contact with the workpiece 
120 in a cold worked manner. When such contact is made, the orientation of the various atomic plane 
in the conductive layer is disoriented/modified. Then, the workpiece head assembly 150 and the 

20 plating apparatus 112 are spaced apart so that a second conductive layer may be formed on the 
workpiece surface. This process is repeated until a desirable layer is formed. 

The workpiece head assembly 150 may include a nonconductive, preferably circular, chuck 152 
with a cavity that is preferably a few millimeters deep at its center and which cavity may contain a 
resting suction pad (not shown). The workpiece 120 is loaded into the cavity, backside first, against 

25 the resting suction pad using a conventional type of transport or vacuum mechanism to ensure that the 
workpiece 120 is stationary with respect to the head assembly 150 while in use. A nonconductive 
retaining ring (not shown) such as an O-ring or other rubber type of seal at the periphery of the head 
assembly 150 and a cathode contact electrode 122 each push against the edge of the workpiece 120 
and hold it in place. The entire back side of the workpiece 120 which pushes against the chuck 152 

30 that is under the retaining ring is thus protected from any and all solutions, including electrolyte. 
Other conventional workpiece head assemblies can be used in accordance with the invention. 

Instead of using the cathode contacts 122 described above, the electric potential can be applied 
to the wafer using a ring conductor. Further, other methods of applying the electric potential to the 
wafer may be used in accordance with the invention. For example, a liquid conductor or an inflatable 
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conductive layer, the head assembly is preferably lowered such that the workpiece 120 can be "cold 
worked" with the pad 22b. The plating and "cold worked" steps are repeated until a desirable layer is 
formed on the workpiece. 

Fig. 9 illustrates a fifth preferred embodiment of the apparatus in accordance with the invention. 

5 The workpiece head assembly 150 may be the same as that described with reference to Figs. 5-8. As 
illustrated, a plating chamber 270 is considerably smaller than the plating chamber 250 of Fig. 8, but 
the features and functionality of the two chambers 250, 270 are similar. In the preferred embodiment, 
the surface of the pad that is attached to the cylindrical anode in the plating chamber 270 is about 30 
to 60%, or preferably 45 to 55%, of the workpiece surface. During operation, the cylindrical anode in 

10 the plating chamber 270 may rotate preferably at a rate from 40 to 500 rpm and the workpiece head 
assembly 150 may rotate at a rate between 50 to 1000 rpm. The plating chamber 270 may also move 
laterally (side to side) in order to plate/cold work the entire workpiece via, for example, rollers (not 
shown). 

Fig. 10 illustrates a sixth preferred embodiment in accordance with the invention. As shown, 

15 two plating chambers 280 and 290 (similar to the plating chamber 270) having cylindrical anodes and 
pads attached thereto may be used to plate/cold work the workpiece. In other embodiments, more 
than two plating chambers and/or cylindrical anodes and pads may be used simultaneously to 
plate/cold work the workpiece. 

In Figs. 5-10, the plating solution can be introduced to the pad 22a, 22b from a reservoir (not 

20 shown) located in proximity to the anodes. In one specific embodiment, the anodes can have an in- 
channel that includes passageways within the center of anodes and holes that are made in the anode 
which together provide a path for the solution to be fed to the gap between the anode and the cathode. 
Alternatively, the plating solution can be dispensed directly onto the pad 22a, 22b through another 
channel in accordance with the methods described earlier herein. 

25 The pad 22, 22a, 22b is preferably made of a nonconductive, hard, porous or perforated type 

material such as polyurethane. An example of such pad is the IC 1000 pad manufactured by Rodel, 
Inc. Also, the pad 22, 22a, 22b preferably has a circular shape, but may be shaped in any other form 
so long as it can effectively plate and/or cold work the workpiece. In the embodiments described 
herein, the hardness of the pad 22, 22a, 22b or fixed fixture is coupled with the relative speed of 

30 travel of the pad to the workpiece. In other words, depending on the speed of rotation of the pad 
and/or the workpiece, the particular pad may be selected with a certain level of hardness. For exam- 
ple, the pad material may be metallic, which is then separated from the anode by a porous insulating 
layer. 

The pad 22, 22a, 22b may also contain fixed abrasives, which may be embedded in or are 
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a metallic. h, the case of a metallic materia,, to prevent Cectrically shotting tbe 
Id me anode i, is imperative m* a thin porous insulating material isolates tbe anode from ft. 
and the anode, P htjn film layer between me 

•leotricallv conductive pad material. In the absence e r 

I aid me conducting pad material, ■* « imperabve ma, ft. anode and me cathode be de- 
anode and the conducting P ode ^ during po.ish.ng 

Fig , .,r... D i..usbate different cyiindrica, anode-pad anangements - ""T^ 
™J. embodiment of me invention. The cyhndrica, anCe-pad a^gements desenbed * 
, 5 Co can be used in me p,,ing chamb*s as described and iUustiated wim reference <o 

Second Fig. HB also illustrates an anode assembly 400 having cyn 
30 p ,u^c L pads 420 tha, are atuched . the Cindrica, anode 4,0. T* ^.indrrca, anode 

surfL of me cyUndrica, anode 5.0. The cyUndrica. anode 5,0 is further connected to shafts 530 
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rotating in a clockwise/counterclockwise direction. 

Finally, Fig. 11D illustrates an anode assembly 600 having a cylindrical anode 610 and pad 
strips 620 that are attached to the cylindrical anode 410 in a circular manner. The cylindrical anode 
610 is further connected to shafts 630 for rotating in a clockwise/counterclockwise direction. 
5 Each of the anode-pad arrangements of Figs. 1 1 A-l ID allows for efficient and effective plating 

and cold working of the workpiece. Although only four anode-pad arrangements are described 
herein, the invention can be implemented with different anode-pad arrangements and geometry so 
long as they can plate and cold worked the workpiece in a similar manner as described herein. 

The workpieces illustrated in Figs. 2-10 are shown in a horizontal arrangement parallel to the 

10 pad. However, the invention can be implemented such that the workpiece/anode can be positioned in 
any arbitrary angle with respect to the horizontal plane. For example, the workpiece/anode may be 
disposed in a vertical arrangement. 

The workpiece may be mechanically pulsed during the metal deposition step. The benefit of the 
mechanical pulsing is that it improves filling efficiency of the contact holes, vias, and trenches, and 

15 copper film integrity without the need for power supplies with pulsing capabilities. After metal 
deposition, the workpiece may be annealed in an inert ambient at a temperature range of 50 to 400 °C 
for a period of 15 seconds to 60 minutes to initiate massive grain growth. 

After performing the plating and cold working steps as described above, a CMP step can be 
performed. CMP is a material planarization process that combines chemical removal of semiconduc- 

20 tor layers such as insulators or metals with mechanical buffering of the substrate surface. CMP may 
provide global planarization of the workpiece surface. For example, during a wafer fabrication 
process, CMP is often used to polish the profiles that build up in multilevel metal interconnection 
schemes. In another embodiment of this invention, metal deposition may occur in any type of plating 
cell, and after such metal deposition, the workpiece may be transferred to another tool or cell, (i.e. 

25 CMP tool), where the deposited metal surface is cold worked. Hence, plating and cold worked plated 
metal or material may be laminated using more than one tool set, prior to subsequent processes. For 
instance, a first cell may be an electroless plating cell, an electroplating cell, a CVD cell, or a 
sputtering cell. Alternatively, a second cell may also be a plating cell. 

In yet another embodiment of this invention, a different type of material may be laminated or 

30 sandwiched between conductive layers. For example, after the deposition of a thin copper layer using 
the cold worked method, the workpiece may be transferred to another cell, where an insulator materi- 
al or another type of metal or alloy (i.e., parmalloy) may be deposited over the cold worked copper 
layer. The surface of the deposited parmalloy in turn may be cold worked prior to subsequent 
depositions or processes. Thus, a stack of materials consisting of, for example, Cu/Ni-Fe/Cu/Ni-Fe/ 
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subseouen, processes. » ^ CMttag , 

deposited. In ofcer words, ft. new mater,* «- > fc ^„ *. cold worted 

, surface . copper, • fte coniuctive ^ olte eonductive materia* 

Along Wi, ~ Mtan , lead , fa a „o y s, beaded soUer* 

sucn as alumtnum, non, ntckel chro . ^ ^ 

W navi„ g fte conduct materia, as * *— -> * •» 

, let 11 and po ly meric and no„po ly meric insuUtors. * — -» * - 

;^C^--T~- fc "-*- ,,, " ,-,,,, ~" 

•**"""*" 4 t!l^ for*- «— ^performance » d U8l,1 " e,iable 

^.o.h.de.iUspecir.can^ ^ ^ ^ ^ ^ fc 



WO 01/13416 PCT/US00/40626 

-15- 

We claim: 

1. A method for altering the texture of a top portion of a conductive layer formed on a 
substrate, the method comprising the steps of: 

(a) plating the conductive layer by applying a plating solution thereto using an anode 
having a pad attached thereto, when the anode and the substrate are energized with electric power; 
and 

(b) altering the texture of the top portion of the conductive layer when the pad makes 
contact with the top portion of the conductive layer, when the anode and the substrate are de- 
energized. 

2. A method according to claim 1, wherein the conductive layer comprises copper. 

3. A method according to claim 2, wherein the altering step further comprises the step of 
using the pad to make contact with the top portion of the conductive layer at a pressure ranging from 
0.0001 to 5 pounds per inch for 1 to 180 seconds. 

4. A method according to claim 1, wherein the anode comprises one of a cylindrical anode or 
a plate anode. 

5. A method according to claim 4, wherein the anode is movable. 

6. A method according to claim 5, wherein one of the anode and the substrate rotates in a 
circular manner in a range of 10 to 2000 revolutions per minute. 

7. A method according to claim 1, wherein the plating step further comprises the step of 
plating the conductive layer on the substrate when the pad and the substrate are spaced apart from 
each other at a distance ranging from 1 micron to 2 millimeters. 

8. A method according to claim 1, wherein the steps (a) and (b) are repeated a plurality of 
times. 

9. A method according to claim 1, wherein the surface of the substrate comprises the surface 
of one of a wafer, a flat panel, a magnetic film head, and a packaging device. 

10. A method according to claim 1, wherein the conductive layer comprises one of a copper, 
gold, aluminum, iron, nickel, chromium, indium, lead, tin, lead-tin alloys, nonleaded solderable 
alloys, silver, zinc, cadmium, titanium tungsten molybdenum, ruthenium, and combinations thereof. 

11. A method according to claim 1 further comprising the step of, after altering the texture of 
the top portion of the conductive layer, annealing the conductive layer at a temperature between 50 to 
400 °C for a period of 15 seconds to 60 minutes, thereby forming grains in the conductive layer that 
are between 1 to 100 microns. 

12. A method according to claim 11 further comprising the step of polishing the annealed 
conductive layer such that a single crystal is formed in a via or trench of the substrate. 
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,3. A method fo, altering *= — • - ■ «P P-*» ° f ' ^ *"* °" * ^ 

layer on a subsnate, the method comprising the steps of: 

(a) plating the connive >a,er - the seed ,aver hy applying a plating solution thereto, 
„hen the anode and the substrate are energized with eleetric power, and 

W altering tite texture of the 'OP »-*• * *» — « te H 

COTttc , with the top portion of the conductive layer, when ft. a„*e and the are de- 

""Ta method for plating a conductive layer on a substiate usmg a p,ating solution, the metitod 

comprising the steps of: 

applying an electric potential between an anode and the substrate; 

applying the plating solution to a pad attached to an outer surfac. of the anode-, 

rotating one of the anode and the substrate in a circular manner; and 

p ,ating the conductive iayer on th. substrate when me pad and the substiate arc spaced 

^rrtT-*. - " wherein bo* the anode and the substiate routes 

thecircularmarmerinarangeof 10 to 2000 revolutions per mmute. 

a- otn claim 14 wherein the pad and the substrate are spaced apart from 
17 A method according to claim i% wnereui u v 

each other at a distance ranging from less than 1 micron to 2 millimeters. 

rAnapparatusforplating and altering the texture of a conductive layer formed on a surface 

platingsolutionthroughtheplatentothesurfaceofthesubstrate; 

' a pad positioned on a face of the platen, wherein the pad is adapted to receive me platm 

solution and plate the conductive layer on the surface of the substrate when the anode an * 

HI-*.-— 

the substrate are de-energized; and 

a substrate support for supporting the substrate. 

, . , , - m i o wherein the pad includes abrasive particles. 
19 An apparatus according to claim 18, wherein uicp 

i • 1 o „,win the size of the abrasive particles range from 
20. The apparatus according to claim 19, wherein the size oi in 

50A° to 50,000A°. 
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21. The apparatus according to claim 19, wherein the size of the abrasive particles range from 
50A° to 2,000A<>. 

22. The apparatus according to claim 19, wherein a standard deviation of the size of the 
abrasive particles is less than 5% of the mean size of the particles. 

23. The apparatus according to claim 19, wherein abrasive particles comprise one of a silica, 
silicon carbide, boron carbide, carbide particulate, allumina, cerium oxide, zirconia, titanium oxide, 
diamond, and nitride particles, and combinations thereof. 

24. The apparatus according to claim 18, wherein the pad further includes a matrix, and 
wherein the matrix is made from a material comprising one of a acid resistant polymer, polyurethane, 
epoxies, fluorinated elastomers, kevler, and metal. 

25. The apparatus according to claim 18, wherein the pad comprises a metallic material and is 
separated from the anode by a porous insulating layer. 

26. The apparatus according to claim 18, wherein the pad comprises one of a glass, ceramic, 
and glass-ceramic. 

27. An apparatus for plating and altering the texture of a conductive layer formed on a surface 
of a substrate, comprising: 

an anode chamber having a cylindrical anode adapted to rotate about a first axis and 
positioned in proximity to the substrate; 

a pad positioned on an outer surface of the cylindrical anode, wherein the pad is adapted to 
plate the conductive layer on the surface of the substrate when the cylindrical anode and the substrate 
are energized with electric power, and to alter the texture of the conductive layer formed on the 
surface of the substrate when making contact with the surface of the substrate when the cylindrical 
anode and the substrate are de-energized; and 

a substrate support for supporting the substrate. 

28. The apparatus according to claim 27, wherein the anode chamber further includes a plating 
solution. 

29. The apparatus according to claim 27, wherein the pad includes abrasive particles. 

30. The apparatus according to claim 29, wherein the size of the abrasive particles range from 
50AO to 5O,00OA<>. 

31. The apparatus according to claim 29, wherein the size of the abrasive particles range from 
50A<> to 2,000AO. 

32. The apparatus according to claim 29, wherein a standard deviation of the size of the 
abrasive particles is less than 5% of the mean size of the particles. 
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a- ♦« 29 wherein abrasive particles comprise one of a silica, 
n Thp aonaratus according to claim wnciclu r 
s J^ln carbide, carbide allumin, cerium oxide, — * — 

34. The appatatu ^ polyure thane, epox.es, 
matrix is made from a material comprising one 

fluorinated elastomers, kevler and metal. & ^ ^ ^ . 

35. The apparatus according to claim 28, wherein me p 

separatedfromtheanodebyaporousinsulatinglayer 

36. The apparatus according to claim 28, wherein the pad comprises 

and glass-ceramic 

37. A semiconductor substrate, comprising: 
, barrier layer disposed on the substrate; 
a seed layer disposed on the barrier layer, 

afirstlayerdisposedontheseedlayer, 

. co.d worked layer transfcnned tan a top ponton of * «* 
^edlayeris — ed«h«napadm*es conUct^metoppomo. o fte firstUyer, 

of: 

forming a barrier layer on the substrate; 
forming a seed layer on the barrier layer, 

^forming a top portion of the **** ^ ^ ^ ^ 

layer is transformed from the top portion of the first layer whe 
portion of the first layer; and 

forming a second layer on the cold worked layer. 



WO 01/13416 PCT/US00/40626 

.19. 

43. A method according to claim 42, wherein the step of forming the first layer on the seed 
layer comprises the step of applying a first layer material to the seed layer by moving the pad in 
proximity to first layer. 

44. A method according to claim 42, wherein the step of forming the second layer on the cold 
worked layer comprises the step of applying a second layer material to the cold worked layer by 
moving the pad in proximity to first layer. 

45. A method according to claim 42, wherein the step of forming the first layer on the seed 
layer is performed in a first cell and the step of transforming the top portion of the first layer to the 
cold worked layer is performed in a second cell. 

46. A method according to claim 45, wherein the first cell comprises a plating cell and the 
second cell comprises a chemical mechanical polishing cell. 

47. A method according to claim 45, wherein the first cell comprises one of an electroless 
plating cell, an electroplating cell, a CVD cell, and a sputtering cell. 

48. A method according to claim 45, wherein the second cell comprises a plating cell. 

49. A method according to claim 42, wherein the step of forming the first layer on the seed 
layer and the step of transforming the top portion of the first layer to the cold worked layer are 
performed in a same cell. 

50. A method according to claim 42, wherein the first layer, the cold worked layer, and the 
second layer comprise of Cu. 

51. A method for altering the texture of a top portion of a conductive layer formed on a 
substrate, the method comprising the steps of: 

(a) plating the conductive layer by applying a plating solution thereto using an anode 
having a pad attached thereto, when the anode and the substrate are energized with electric power; 
and 

(b) altering the texture of the top portion of the conductive layer when the pad makes 
contact with the top portion of the conductive layer. 

52. The apparatus according to claim 18, wherein the substrate is formed in a circular shape 
and the platen is a circular disk. 

53. The apparatus according to claim 52, wherein the diameter of the platen is smaller than the 
diameter of the substrate. 

54. The apparatus according to claim 53, wherein the platen is adapted to rotate in a circular 
manner and adapted to move side to side. 
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